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ABSTRACT 

We have studied the properties of inclusive neutral 

strange particle production in charged-current up inter- 

actions. The rate for producing at least one neutral strange 

particle in a charged-current interaction is 0.14 f 0.02 

The inclusive distributions for events with neutral strange 

particles and for all charged-current events exhibit the 

same qualitative behavior. We find no acceptable candidates 

for the AS = -AQ A production reaction vp + u-A3a+n- in 

approximately 3000 charged-current events with Ed > 10 GeV. 

We find upper limits (relative to the total charged-current 

sample) for charmed particle production in any one mass 

region with subsequent decay into Amn and KIWI final states 

of 19 and 2I respectively. 
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1. INTRODUCTION 

Ws have collected a sample of charged-current vp events 

having a visible neutral strange particle decay in the final 

state vp -c u-VOX++, where V” stands for A f pn-, Kg0 + n+Tc-or 

x + $r+, and X++ is the hadronic system of charged +2. The 

general features of the production mechanism of this data sample 

have been studied in terms of variables used in weak and strong 

interaction physics. We have also searched for evidence of 

charmed particle production in our data. 

In Section II we discuss the experimental details of the 

event selection. Section III deals with inclusive neutral 

strange particle production rates. Inclusive single-particle 

distributions are presented in Section IV, and in Section V 

we discuss a search for charmed particle signals in invariant 

mass distributions. The major conclusions are summarized in 

Section VI. 

II. EVENT SELECTION 

The data come from two separate exposures of the Fermilab 

15’ hydrogen-filled bubble chamber to high energy neutrino 

beams. The first (second) exposure of 70,000 (80,000) pictures 

was made with a wide-band one-horn (two-horn) focused beam with 
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0.52 x 10'9 (0.60 x lo191 protons at 300 (400) GeV on target. 

Adding the two exposures results in a smoothly varying neutrino 

energy spectrum which peaks at -15 GeV and decreases quickly 

thereafter (-90% of the flux is belov 100 GeV). 

The film was scanned for all neutral-induced interactions. 

After measuring and processing through geometrical reconstruction 

programs the events were reexamined on the scan table by physi- 

cists. Events found to originate from interactions in the chamber 

wall or from another upstream event were removed from the sample. 

To study the inclusive V" production we then processed through 

kinematics those events having one or more possible associated 

two-prong decays. For all fits we have employed a confidence 

level cut of 0.001. We took a V” to be a T conversion if it 

bad a constrained T fit for which the e+ momentum transverse 

to the V" direction was less than 20 WeV. The few A/K ambig- 

mlties (-8% of the V" decays) were taken as A's. ,In addition 

we ignored any fit corresponding to a decay with a proper time 

T greater than, five lifetimes. The distributions of CT and co60 

are shown in figures 1 and 2 for the 161 A * pn- and 230 Kz + 

n*s- decays thus selected. For .the A(Kz) decay, 8 is the angle 

between the decay proton (IL+;+, and the V" direction calculated 

in the V" rest frame. Except for a possible small loss at low 

ET the distributions in Fig. 1 are in excellent agreement with 

the known lifetimes (solid curves) , Yhile the angular distribu- 

tions in Fig. 2 are consistent with being isotropic. 

The charged-current events were obtained by requiring that 

tbcre be three oc more prongs at the primary vertex, that the 
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sum of the visible momentum along the incoming neutrino direction 

(XPm) be greater than 10 GeV/c and that there be a selected muon. 

The muons were selected by a Monte Carlo tested algorithm which 

basically identifies the n- candidate as being the negative track 

with the highest transverse momentum relative to the neutrino 

direction.' If the track thus selected is found to interact, 

the event is rejected as a charged-current event. The above 

selection results in a charged-current v sample of -2300 events 

with less than -5% contamination from neutral current and c 

charged-current events. We estimate that -17% of the charged- 

current events have been lost due to the muon selection algor- 

ithm. The incident Kz background is determined by using fits 

to the KEp * 
+- Kzpn n channel and is found to be -l/2% of the 

charged-current sample for ZPs > 10 GeV/c. 

The energy of the incident neutrino, E,,; is estimated by 

using a modification of a method due to Grant-r The results 

presented in this paper are not significantly sensitive to the 

particular energy estimation method employed. Requiring Ev > 

10 GeV gives us a charged-current V" sample of 132 events. The 

reconstructed neutrino energy EV and charged multiplicity for 

these events are shown in Fig. 3. Table I gives a break-down 

of these 132 events in terms of their assignments to lV", 2V" 

and 3V" final states.' The two 3V" events have at least three 

strange particles in the final state, or if we assume AS = 0; 

they probably have four strange particles. Both events are of 

high energy (E,, > 50 GeV/c) and are therefore unlikely to be 
. 

produced by incident strange hadrons.' 
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111. PRODUCTION RATES 

In Table II we show the corrected number of strange particle 

events for various lV", 2V" and 3V" final states. In obtaining 

these numbers we have assumed that the data result from the 

following six channels: vp + u-AX++; vp + u-AiOX++, vp + y-AK°KoX++; 

vp +JL-AAKOX++; vp + u-K°KoX++; vp + n-KoX++. Here X++ does not 

contain a neutral strange particle. We then assume that K” is 

l/2 Ki and l/2 KE, and calculate how each of these channels feeds 

into the events with 1, 2 and 3 observed V" decays. The numbers 

have been corrected for neutral decay modes and minimum and 

maximum potential length cuts of 0.5 cm and 20 cm respectively 

at the V" decay vertex. The large relative errors in certain 

channels are due to the strong lV", 2V", and 3V" correlations. 

The one observed AKZKZ event, for example, predicts four observed 

AK: events. The,rate for events with one or more Voos normalized 

to the total charged-current sample is 

- 0 ++ vp*l.lvx 
vp + u-x++ 

= 0.14 f 0.02 

for Ev > 10 GeV. This rate may be compared to charged-current 

strange particle production rates found in other experiments 

with approximately the same beam energy spectrum: 0.21 f 0.04 

for cp interactions' and 0.16 f 0.03 for ; neon interactions.' 



The ratio of the number of events containing at least one A to 

the number of events containing at least one K" is 0.59 t 0.10. 

For cp interactions this ratio is 9.40 i 0.16.' 

Si?ce the identification efficiency for charged K's is low, 

it is in general not possible to obtain an estimate of the amount 

of associated and non-associated production present in our data. 

However, we may estimate the number of A.S = -AQ events which 

contain a A by assuming equal rates for up + 0 t+ 
IL-AK X and vp 

+ 
+t 

u-AK X . In this way we obtain a A production from AS = -AQ 

of 3.9 t 1.5@ of the total charged-current rate. The assumption 

of equal rates for vp + n-AK"X++ and vp + n-AK+X' is only a 

rough estimate and may in fact be a gross underestimate for K* 

production.' To make the AS = -AQ rate fall within 1.5 o of 

zero we need to make the ratio (n-AK+X+)/(n-AKOX++) equal to 

3. This is in fact not an unreasonable value for the ratio and 

illustrates that in this experiment inclusive A production does 

not allow us to obtain e reliable rate for AS = -AQ production. 

The Ay invariant mass distribution presented in Fig:4 

indicates Z" production. The E" signal accounts for between 

50 and 1009 of the A production, where we have used an average 

y-conversion probably of 13\. In the following when we refer 

to A production we include this Lo production. 

The An’ and It: n* mass distributions are shown in figures 

5(a)-5(d). There is a clear signal for X+(1385) in Fig. 5(a); 

This signal of approximately 12 events above background corres- 

ponds to -1% of the total charged-current sample. 
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Figure 5(a) also gives some indication for broad enhance- 

ments at -1.55 and 1.85 GeV. These enhancements are seen more 

clearly in Fig. 6 where the data is presented in 50 MeV bins. 

We note that our resolution is -10 MeV and therefore'the enhance- 

ments cannot be due to narrow An 
t 

states. A possible interpreta- 

tion' is that the effect at 1.85 GeV is due to the IOn+ decay 

of the I'(19201 and the effect at 1.55 GeV is due to the & II 
o+ 

decay of the Z(1670). With this interpretation and assuming 

a 35[29 ¶ branching ratio' for 2+(1920) -c Z"n+u+(1670) + z"lx ll 

we obtain a production rate of -3% of the charged-current sample 

for both the 8+(1920-) and the &+(1670). 

Although results on kinematic fits to exclusive charged- 

current channels will be presented in another paper, we mention 

here that we find only one unambiguous fit" to the exclusive 

channel vp + n-A3n+n- (Ev = 27 GeV). However, one of the r+s- 

ccmbinations has an invariant mass of 497 f 4 HeV, and the event 

is therefore most likely an example of AS = 0 associated produc- 

tion, vp + u-A2ntiio with a close in Kz + n'n- decay. None of 

the three A2n*n- invariant masses (2019 t 11, 2124 t 11, 1780 t 8) 

I(eV or the A3n+n- mass (2286 f 12 MeV) is near those of the 

previously observed,AS = -AQ BNL event." Assuming zero observed 

events we calculate a 90% confidence level (c.1.) upper limit 

for AS - -AQ Vp + n-A3ntn- of 0.119 of the total charged-current 

neutrino rate with EV > 10 GeV. Table III gives this rate as 

a function of neutrino energy. 

We now compare our upper limit for this channel with the 

rate i-lied by the one observed BNL event. Since the neutrino 
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energy spectra for the two experiments are quite different, this 
P 

comparison can be made only by assuming a particular energy 

dependence for the AS = -AQ cross section. If we assume a 

threshold at 4 GeV and a constant cross section above threshold, 

the known fluxes and the BNL rate of 1 in 74" imply 10 events 

in our experiment. This is in poor agreement with our 2.3 

events at the 90% confidence limit. If on the other hand the 

threshold is raised to 10 GeV, we expect 200 events in our ex- 

periment in strong disagreement with the BNL result. 

IV. INCLUSIVE SINGLE-PARTICLE DISTRIBUTIONS 

In figures 7(a) - 7(d) are presented the inclusive x, y, 

Q2 and W distributions for the sample of charged-current events 

containing a Vo. Here - Q2 is the square of~the four-momentum 

transfer between the incident neutrino and outgoing muon, W is 

the total hadron effective mass, x = Q2/2mp(Ev-E,), and y = (Ev- 

B*' /E" . Also shown for comparison are the same distributions 

(solid curves) obtained from the total charged-current sample, 

where we have used events with 5 or more prongs to approximate 

the W distribution of the V" sample. Figure 7(c) shows that 

the 5-prong selection results in similar W-distributions in all 

but the high W region. The dip at low y is a kinematic effect 

due to the fact that both the V" sample and 5-prong sample tend 

to have higher values of W than the total charged-current sample. 

Within the present level of statistics there are no strong dif- 

ferences evident between the x, y and Q2 distributions obtained 



-lO- 

from the V" sample and those obtained from the total charged- 

current sample. 

To study the inclusive A and K" production in more detail 

we have also employed variables normally used in analyzing hadron 

induced reactions. Foi ,the inclusive study of particle C pro- 

duced in the hadronic reaction A t B + C + X one common set of 

variables is XF and pi2, where XP-is the Feynman scaling variable 

XP = p II */(/s/2). Here ~~~ . is the transverse 3-momentum squared 
l 

of particle C with respect to the incident beam direction, PII 

is the component of particle C's momentum along the beam direc- 

tion in the total center of mass system, (CMG) and fi is the 

center of mass energy. In neutrino induced reactions the cor- 

responding CM5 frame is the hadronic rest system with beam di- 

rection defined as being opposite to the target proton direction 

in this system. The variables XF and PL2 depend directly on 

the measured A and K" momenta and can therefore be expected to 

be sensitive to differences between the A and K" production 

mechanisms. Figures 8(b) and 8(d) show the inclusive Pi dis- 

tributions for the A and KS0 samples separately. These distcibu- 

tions give good fits to simple ae -bpL2 forms in the region PL2 

( 0.5 (GeV/cJ2, yielding slope parameters b = 7.1 t 1.4 and b 

- 5.8 i 1.1 (GeV/c)-' respectively. 'These slopes are consistent 

with those found for inclusive hadron production from charged- 

current vp, cp interactions and np interactions."'""* 
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The invariant XF distributions f(XF) - (E*/2W)dN/dXF for 

the A and Kz saarples are shown in figures 8 (a) and 8 (c) . Here 

E* is the V” energy in the hadron rest system. The f (X,) dis- 

tribution for the A sample clearly shows the tendency of the 

A to follow the proton direction while the Kz distribution is 

shifted towards the ‘beam-like’ direction. The open triang.les 

in Fig. 8(c) are taken from 6 GeV/c n+p + KiX data” and are 

normalized to the v data in the -0.6 < XF < 0.6 region. Within 

the rather large errors the two distributions show the same 

qualitative behavior. The distributions of < PL > as a function 

of Q2 and W are shown for the combined V” sample in figures 9(a) 

and (b) respectively. A previous analysis using a subsample 

of the total charged-current data found that < P 
I 

> is approxi- 

mately independent of Q2 or W;” the distributions of figures 

9(a) and (b) are consistent with this behavior. 

Although the statistics ares limited, we have attempted 

to gain an estimate of the A polarization effects in our inclu- 

sive charged-current sample. In the A rest frams we calculate 

the angles between the d‘ecay proton from the A and the incident 

neutrino direction B,,, the A direction BA, and the normal to 

the VA production plane BI These last two angles have the ad- 

vantage of being dependent on directly measured laboratory mo- 

menta only. Pigure 10 shows the distributions of COST,, coseA 

and coselfroa which we calculate A-polarizations of (0.55 t 0.40), 

(0.34 f 0.33) and (0.23 f 0.32) respectively. 
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V. INCLUSIVE INVARIANT MASS DISTRIBUTIONS - CHARM SEARCH 

There is at present substantial evidence to.support the 

existence of charmed particles. Observations of the non-leptonic 

decays of charmed particles have been made in e+e- colliding 

beam experiments”““‘g”’ and possibly in a photoproduction 

experiment,” while signals from semi-leptonic decays may be 

present in v and ; induced dilepton events.” Using the quark- 

parton distributions of Field and Feynman” we estimate a rate 

of -10% for charmed-particle production in vp interactions. 

Since in charmed particle decays the charmed-to-strange quark 

transition is favored, we might expect to see enhanced charmed- 

particle signals in events with final-state strange particles. 

On the other hand, a large number of competing charmed particle 

decay modes could dilute the signal in any one decay mode. We 

have searched for evidence of charmed particle production in 

our inclusive V” data by looking in invariant mass distributions 

for signals from the non-leptonic decay of these particles into 

final-states containing A’s and/or Kegs. 

In Fig. 11(a) we show the A2n*n- invariant mass distribu- 

tion for events with fewer than 9 prongs.” The data are pre- 

sented in bins of 20 HeV width, which is the approximate limit 

of our resolution in the 2-2.5 GeV region. This distribution 

is of particular interest because of the observation from a 

photoproduction experiment of a signal at -2.25 GeV in the 

K2r-71+ state. In addition the AS = -bQ event.&’ had a AZn*rr- 
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mass combination at approximately this same value. There is 

no significant signal evident in Fig. 11(a) at -2.25 GeV or in 

any other region. Attempts to observe a signal by plotting only 

combinations which contain a I(1385) or by taking events in a 

restricted kinematic region (e.g. small xJ were not succcessful. 

To obtain an estimate for producing a charmed particle at -2.25 

GeV, C+(2.25), we count all the events in the 2.2-2.3 GeV region 

(using all topologies) and obtain the following estimate for 

the upper limit on charmed particle production decaying into 

the A2n+n- final state: 

vp + v-c~+ 12.25) + ~2=+~ x + 
-++ . < 1.0% (90% c.1. 

vp+llx upper limit) 

where we have corrected for the neutral decay mode of the A. 

In addition by taking as our signal only 5-pronged events 

which have a A21r+n- combination between 2.2 and 2.3 GeV, we can 

set the following limit for charmed particle production ‘in the 

2.2 to 2.3.&V region for events having the same topology as 

the BNL ~event: 

VJ . u-TC+(2.251 -c A?n+lr- n+ + missing 
- ++ “eutra1s < 0.48 (90% c-1. 

vp*ux upper limit) 
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The invariant mass distribution for A3n+2n- is shown in 

Fig. 11 (b) . This distribution also fails to show any signifi- 

cant signals. For completeness Fig. 11(c) is the sum of the 

A+, A2n+n-, and A3n*2n- mass distributions. This distribution 

would contain the signal for any +1 charged charmed baryon de- 

caying through a Amn final state. Except for the previously 

noted I(13851 and the enhancements at 1.55 GeV and 1.85 GeV there 

are no other signals evident in this distribution. 

We have searched without success for doubly-charged charmed 

baryons in the A2n+ and A3n+n- invariant mass distributions (fig- 

ures 12(a) and 12(b) respectively) and for neutral charmed bary- 

+- 
ons in the An n and A2n+2n- invariant mass distributions (fig- 

ures 12 (cl and 12 (d) resixctively) . If we interpret the BNL 

event as being an example of charm production vp + u-C++, then 

the mass of the C++ is approximately 2.5 GeV. There are no 

signals at this value in figures 12(a~) or 12(b). We note also 

that Enapp et al.,, (Ref. 20) reported an enhancement in the ii 

2x+2=-state at 2.5 GeV. The distribution of the invariant mass 

for the corresponding A2n+2n- state (Fig. 12 (dl) shows nb evidence 

for such an enhancement. 

We have used our Kz data sample to search for evidence of 

Do and D+ production. We have searched for the D”(or 5’) in 

KZ + (mm0 invariant mass distributions (figures 13 (a) and 13 (b) 1 

and for the D+ (or 2) in Kz + (ox)’ invariant mass distributions 

(figures 13 (c) -13 (e) . The spike at -1.25 GeV in Fig. 13(a) is 

due to multiple combinations from a Eew high multiplicity events. 
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There are no significant signals evident in the 1.8-1.9 GeV 

region in any of these distributions. In Fig. 14 we have added 

all the Kz + (mn) s . distributions in the 1.5-2.5 GeV region. 

The solid curve in Fig. 14 is our estimate of the background 

in the 1.8-1.9 GeV region. Counting events above this background, 

correcting for the undetected K” decay, and normalizing to the 

total charged-current sample, we obtain the following rate for 

D (1876) production: 

+ 
Yp + U-CD 8 + K O (mn) 

- l + 
’ < 1.0% (90% c.1. upper limit). 

VP’UX 

By using the previously measured Do+ it”n+s- branching ratio’* 

of -49 and our zero observed events for this decay mode we ob- 

tain an upper limit of -101 for total Do production in vp charged- 

current interactions. 

Finally, we have searched for F’ production in our 2 Kz 

sample. The nonleptonic decays of this positive strangeness 

charmed meson should lead to strangeness equal zero KK + mn 

states. The (KK + mn) + invariant mass distribution of Fig. 15 

does not exhibit any significant signal for F production. 

VI. SUMMARX 

We have studied the properties of charged-current vp events 

having visible A’s and Kz*s in the final state. The rate for 
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producing events with at least one neutral strange particle is 

(14 f 2)% of the total charged-current production. We observe 

signals from & (1385) and possibly from 2 (1670) and 3 (1920). 
. 

The inclusive x, y, Q2 and W distribuitons for this restricted 

charged-current sample are found to be essentially the same as 

those distributions obtained from the total charged-current 

s*le. We find no acceptable candidates for the AS = -AQ 

production reaction vp + 
+- 

u-A3n n . 

We.have searched for charmed-particle production by looking 

for signals in invariant mass distributions of particle combina- 

tions containing a A or Ki. We see no narrow (5 50 HeV) signal 

greater than 10 events above background in any mass region. 

This leads to the following upper limits for charmed-particle 

production in any one mass region: 

up+y C+A+maX 
- ++ < 1% 

.vp u x 

where C is a particular charmed particle, and we have corrected 

for the neutral A and K” decay modes. These rates can be reduced 

for particular mass regions. 
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TABLE I 

Number of uncorrected observed events for 1, 2, and 

.*v” final states. 

VP - 
63) Observed Events 

u Ktl f" + *+n-, Kz . “+?I X++ 

2 

10 

1 

1 

*-E em-, A + pn-r Kz + n+n- -Jx++ 
I 

1 

53 

64 

(a’X++ does not contain a visible ‘Jo decay 
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TABLE II 

Corrected number of events for particular final states. 

VP + 
(a), W Corrected NO. of Events 

u-AX++ 82 f 1% 

u-AK”X++ 0 2 27 

IA-K"X++ 66 i 49 

v-K~K’X++ 85 2 31 

(a’~H does not contain a neutral strange particle,+but 
could contain charged strange particles (e.g., K-1. 

(b’Ko may be either X0 or k”. 
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TABLE III 

upper limits for the reaction vp + u-A3ntn- as a 

function of neutrino energy. 

Energy Range I (up + u-A3n+n-)/VP + cc* 

E,, > 10 GeV 0.11% 

> 15 Gev 0.13% 

> 20 Gev 0.15% 

> 25 GeV~ 0.19% 

> 30 GeV 0.23% 

:90% confidence level upper limits based on zero ob- 
served events. 
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Pig. 1: Distribution of CT(T = proper decay time) for (a) A and 

(b) Kt decays. 



-24- 

20- 

I 

(b) K; - 

8 I I I 

2 15- .(a) A 

5- 
I I I 

-1.0 -0.5 
cct"e 

0.5 I.0 

?ig. 2: Distribution of cos0 for (a) A and (b) Kz decays. Here 

B is the decay angle of the p (II*) from the A (Kz) decay 

with respect to the A(Kz) direction in the lab, calcu- 

lated in.the A(Kz) rest frame. 



-25- 

I 
I -rc 

:ln 
-IO I 1 

zs :, 8 
SlN3A3 

I I 
L L 

I I 

is-- is-- g. g. - - 

.s .s 1 1 

-8 -8 

-% -% 

1 1 

I I 

I I 1 1 
3 3 No No II II 

0 0 
.z 
a 

Aa9 01 /SlN3A3 



-26- 

I 
A 

1 

L,-- - 

-3 

-e 
,: 

-s 
-1 

-s 

8 ,: 

-4 

“W-+ $j 

I I 0 
0 In z 

A?W OW3JOl.LWN~lWO3 



-27- 

N~wsNouwtaBLNo3 AW 021 SNOUVNIWlO3 

ii 

5 

t 
2 LI 2 
2 
2 1. 
; 0~02 

;s 

2’ 4 agel 4 Y 
2 
2 G L - 



-28- 

_. 
I- : 
3’ Cl 
% u : 2 . 
2 3; 

4 z > 4 

/WI OS/ SNOIlWNlElW03 



-29- 

I’O/SlN3M 

,(WtW 2 / SlN3h3 

I ‘O/SlN3A3 

do 
ELd 
Pa 
a* 

3:. 
zm u.5 
“*$ 
e= 
i% 
F!j 
zm 
OE 
2: -I.! 6.2 
EY 
,X3 

g 

h72 
zs 
22 
0- 

i 

.* < 
8% 

0 
2% 

-2 
-33 

NO 
wzij 

g; 

g;g 

$,a 0) 
a5 

x’s 0 

oz;; 
g aal 

mg 

Q 

100 
-‘FI = 
2.1 - 

8% 

“i !F 

ii! 



-3o- 

I I 1 
_ 0 

CE 
.+ I 

+ 

+ : 
I I 0 u5 4 2 

(‘X)4 

I I 1 1 cz 
s s %?? s; 

l-ii-4 l-ii-4 
25 

.n z.F?- d i& cd 

*+ *+ 

+- I 

82 +- 1” 
-$i 
Qi%Z 

--I r3 * 
a ;g 

-5 -5 4 5p 
Y‘i;’ I I I I G-JE 

so* sQ* @$ 

$!4A~9)~00/s,)1 ~338vunN @ 
SK 2 
$gg I I I I I I su5i 3, 

- 0 - 0 3+ 

-+ -+ 
-8 -8 p,, 

:+ :+ 

s4i g"& 

J-P J-P 
-8 -8 

;g:; <if, f! "mS 4 

3 3 
a a 

eq 
aa 

a a -8 0 
a a 

+I+- +I+- 
8 

IL “&** g 64 

a a 
6 * p$” 

a a 
HH HH *+ *+ 

-&s s ;e” 
x_t+E, 
;;cJ 
fiS%E 
..%?I! $ 

-8 -8 

,-au 
,-gs; 
sa9 

I I I I I I -0 
“93 “93 

EEiC 
,(u ,(u qg d 0 

(‘Xl 4 
p t-d 



-3i- 

I 1 I I I 
I; I; 

-s! 
I 

-2 - 

-+ -2 

+ + -3 

8 I I , 

I-- ‘;; 

g j . ..I 
&I 
ii Ea 
2 : 

0 
4 > 
: 21 

2 it 
2 
” Y 



-32- 

20 20 

IO IO 

-1.0 76 -.2 .2 .6 1.0 -1.0 76 -.2 .2 .6 1.0 
case 

Fig. 10: Distribution of the cosine of the proton decay angle 

calculdted in the A rest frame with respect to (a) the 

incident neutrino direction, (b) the A direction and 

(c) the normal to the VA production plane. 
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Pig. 11: (a) the A2n*h invariant mass distribution 
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